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SUMMARY 


Objectives 

Identify  potential  hazards  associated  with  the  use  of  260®F  water  in  the  thermal  panels  of  the 
M795  controlled  cooling  process.  Specific  goals  of  this  process  hazards  analysis  include: 

•  Identify  failure  modes  that  may  result  in  TNT  exposure  to  temperatures  >260°F 

•  Evaluate  each  of  the  identified  failure  modes  for  credibility,  potential  effect,  and 
design  safety 

•  Recommend  design  or  procedural  changes  that  minimize  or  eliminate  the 
identified  failure  modes. 

Scope 

This  report  addresses  thennal  concerns  associated  with  using  260°F  water  to  heat  thermal 
panels  in  the  pilot  and  full-scale  M795  controlled  cooling  process  located  in  lines  3  and  3A  of  the 
Iowa  Army  Ammunition  Plant  (lAAP). 


PROCESS  DESCRIPTION 

Iowa  Army  Ammunition  Plant  currently  has  a  pilot-scale  controlled  unit  in  operation  in  line  3 
and  is  constructing  a  full-scale  process  in  line  3A.  The  process  consists  of  loading  the  M795 
projectiles  with  molten  TNT,  placing  the  projectiles  in  an  insulated  oven  that  is  designed  to  heat  the 
funnel  and  neck  of  the  projectile  with  thermal  panels,  and  circulating  temperature  conditioned  water 
around  the  body  of  the  projectiles. 


HAZARDS  ANALYSIS 


Information  Sources 

This  hazards  analysis  is  based  on  on-site  review  of  equipment,  design  drawings,  discussions 
with  Mason  &  Hanger  personnel,  previous  reports,  and  historical  Information. 

Hazards  Analysis  Methodology 

A  tailored  Alliant  Techsystems/Global  Environmental  Solutions  (ATK/GES)  process  hazards 
analysis  (PHA)  methodology  was  used  to  analyze  the  M795  controlled  cooling  process.  This 
approach  was  adopted  from  the  Alliant  Techsystems  Hazards  Evaluation  and  RIsh  Control  (HERC®) 
methodology.  The  approach  used  in  this  analysis  consisted  of  an  on-site  visit,  review  of  operating 
procedures,  discussions  with  facility  personnel,  and  review  of  drawings.  A  failure  modes  and  effects 
analysis  (FMEA)  was  generated.  Each  of  the  identified  failure  modes  was  evaluated  for  conse¬ 
quences  to  the  process  and  for  design  safety  which  mitigated  the  failure  mode. 
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A  qualitative  assessment  of  risk  was  assigned  to  each  failure  cause  identified  in  the  FMEA. 
The  risk  assessment  category  contains  both  a  severity  and  frequency,  per  MIL-STD-882C,  which 
was  used  for  ranking  each  of  the  failure  causes  (fig.  1)  and  are  assigned  to  each  line  item  in  the 
FMEA.  The  FMEA  for  the  controlled  cooling  process  is  presented  in  table  1. 

Where  engineering  or  administrative  controls  (safeguards)  were  missing  or  inadequate  to 
control  process  hazards,  a  recommendation  was  issued.  These  recommendations  were  compiled  in 
a  recommendation  summary  table  (table  2).  Definitions  for  column  headings  which  appear  in  table  2 
and  FMEAs  are  presented  in  figures  2  and  3,  respectively. 


DISCUSSION  AND  SIGNIFICANT  ANALYSIS  FINDINGS 

The  controlled  cooling  units  for  the  M795  projectiles  are  designed  to  provide  a  uniform  fill  and 
solidification  of  the  TNT  fill.  This  is  accomplished  by  cooling  the  base  of  the  projectile  with  water, 
while  heating  the  neck  and  fill  funnel  with  thermal  panels.  As  the  TNT  solidifies  and  contracts  in  the 
base  of  the  projectile,  molten  TNT  from  the  funnel  flows  into  the  projectile  and  maintains  the  fill  level 
above  the  neck. 

The  maximum  temperature  to  which  the  thermal  panels  normally  are  heated  is  250°F.  This  Is 
the  maximum  process  temperature  which  can  be  used  to  heat  or  process  explosives  per  AMCR  385- 
100  (ref.  1).  The  initial  development  studies  (ref.  2)  of  the  controlled  cooling  process  were  conduct¬ 
ed  by  the  U.S.  Army  Armament  Research  and  Development  Command  (ARDC)  in  Dover,  New 
Jersey  using  thermal  panels  and  water  heated  257  to  260°F.  In  order  to  prove-out  and  operate  the 
controlled  cooling  process  at  lAAP,  it  may  be  necessary  to  operate  in  the  same  temperature  range 
used  in  the  initial  development  studies  (ref.  2).  The  purpose  of  this  report  is  to  document  the 
hazards  analysis  required  by  AMCR  385-100  to  show  that  the  thermal  panels  can  be  safely  operated 
at  temperatures  up  to  260°F  for  M795  TNT  projectiles. 

Significant  Analysis  Findings 

Several  safety  concerns  were  identified  and  reviewed  in  this  hazards  analysis  (table  1).  These 
concerns  include  initiation  of  TNT  from  exposure  to  temperatures  ^60°F,  funnel  to  thermal  panel 
contact,  formation  of  long  TNT  crystals  during  cooling,  and  direct  steam/hot  water  contact. 

Initiation  of  TNT  due  to  exposure  to  excessive  temperatures  is  not  considered  to  be  credible 
for  the  controlled  cooling  system  design.  The  cooling  units  are  heated  with  water  provided  by  a 
heat  transfer  package.  This  eliminates  safety  concerns  of  superheated  steam  and  provides  more 
even  heating  to  the  ovens.  A  PLC  will  be  used  to  monitor  the  supply  and  return  thermal  panel  water 
temperatures,  and  will  be  programmed  to  alarm  If  temperatures  are  outside  operating  parameters. 
Also,  the  thermal  panels  are  only  heated  for  3  hrs.  Pressure  relief  valves  are  present  in  the  thermal 
panel  water  circulation  system  to  relieve  and  vent  if  the  water  pressure  exceeds  60  psig  (274°F). 

The  heat  transfer  package  steam  supply  is  regulated  to  50  psig  and  also  has  a  pressure  relief  valve 
specified  to  relieve  at  60  psig.  Therefore,  the  maximum  temperature  which  may  be  achieved  with 
multiple  component  and  control  system  failures  is  274°F. 
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TNT  has  been  heated  at  284°F  for  40  hrs  (refs.  3  and  4)  with  no  noticeable  decomposition. 
TNT  heated  to  392°F  (200'’C)  will  auto-ignite  after  approximately  38  hrs  (ref.  4).  Review  of  previous 
TNT  melt-pour  thermal  studies  (ref.  5)  determined  that  the  critical  temperature  of  TNT  in  a 
continuous  melter  was  338°F  for  an  in-process  confinement  of  6-in.  The  molten  material  in  the 
M795  projectile  funnels  has  a  smaller  diameter,  and  under  normal  operations  will  have  a  maximum 
temperature  of  200°F  (ref.  2).  Based  on  review  of  the  controlled  cooling  system  design  and 
safeguards,  no  credible  failure  scenario  was  identified  that  would  result  in  thermal  initiation  of  TNT  in 
the  M795  projectiles. 

During  insertion  of  the  projectile  carts  into  the  cooling  ovens,  it  is  possible  for  the  projectile 
funnel  to  contact  the  thermal  panels.  This  would  result  in  the  TNT  being  directly  exposed  to  260°F 
temperatures  by  contact.  Normally,  the  maximum  temperature  of  the  TNT  in  the  funnel  Is  antici¬ 
pated  to  be  200°F  or  lower  (ref.  2).  Direct  contact  heating  of  the  TNT  in  the  funnel  may  result  In 
quality  problems  and  in  melting  of  all  the  (seed)  flake  TNT  and  subsequent  formation  of  long 
crystals,  discussed  later.  Recommendation  CC-01  was  issued  to  assure  that  the  fill  funnels  are  not 
in  direct  contact  with  thermal  panels  after  the  projectile  carts  have  been  inserted  into  the  ovens. 

Mason  and  Hanger  (ref.  6)  personnel  identified  a  potential  concern  that  all  of  the  flake  TNT 
mixed  into  the  molten  TNT  may  be  melted.  These  small  flakes  of  TNT  act  as  seed  crystals  to  start 
TNT  crystalization  (solidification)  as  the  TNT  cools.  If  there  are  no  seed  crystals  and  the  TNT  is 
cooled  slowly,  then  long  TNT  crystals  can  be  formed  (ref.  7).  At  the  time  of  this  analysis,  there  were 
no  known  safety  concerns  involving  long  crystals  in  the  M795).  These  long  crystals  are  being 
formed  under  current  operating  conditions  using  250°F  water  in  the  thermal  panels.  Recommenda¬ 
tion  CC-02  was  issued  to  determine  if  long  crystals  of  TNT  present  safety  hazards  or  quality  con¬ 
cerns  for  M795  projectile  manufacture  and  handling. 

Another  concern  is  direct  TNT  contact  with  steam  or  hot  water.  This  can  only  occur  if  there  is 
a  leak  or  mechanical  failure  in  the  thermal  panels  or  piping  systems.  If  hot  water/steam  were 
sprayed  Into  the  funnel(s)  of  molten  TNT,  the  TNT  would  likely  be  splashed  onto  the  insides  of  the 
cooling  ovens  and  into  the  projectile  cart.  This  would  present  increased  operator  exposure,  exces¬ 
sive  cooling  water  contamination,  and  the  potential  for  mechanical  initiation  during  clean  up  opera¬ 
tions.  The  thermal  panels  were  pressure  tested  to  300  psig  by  the  manufacturer,  and  the  water 
system  will  be  operated  at  50  psig  (260°F)  with  a  pressure  relief  valve  set  at  60  psig.  To  minimize 
the  potential  for  leaks  or  mechanical  failure,  it  is  suggested  that  the  thermal  panels  be  included  in 
the  facilities  mechanical  integrity  program  (CC-03). 

While  on-site.  Mason  &  Hanger  personnel  requested  that  the  small  scale  or  pilot  controlled 
cooling  unit  located  in  Building  3  be  included  in  this  assessment.  Currently,  this  buildings  steam 
supply  is  regulated  to  15  psig.  Increasing  the  pilot  scale  temperature  to  260°F  would  require  mod¬ 
ifications  to  the  steam  supply  system.  The  heat  transfer  package  on  the  pilot  oven  has  a  tempera¬ 
ture  controller  that  maintains  the  water  temperature  by  controlling  steam  flow  with  a  pneumatic  flow 
control  valve.  As  in  the  full  scale  unit,  the  thermal  panel  water  system  has  a  pressure  relief  valve. 
However,  this  valve  is  set  to  relieve  at  100  psig  (316®F).  This  does  not  present  a  TNT  thermal 
initiation  concern,  but  is  higher  than  necessary.  CC-04  recommends  that  the  thermal  panel  water 
system  relief  valve  on  the  pilot  oven  be  replaced  with  a  relief  valve  having  a  60  psig  (274**F)  relief 
pressure. 
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CONCLUSIONS 


A  hazards  analysis  for  using  260°F  water  in  the  Iowa  Army  Ammunition  Plant  controlled  cool¬ 
ing  process  was  completed.  The  analysis  is  documented  in  the  failure  modes  and  effects  analysis 
located  in  table  1.  Recommendations  were  issued  to  eliminate  or  control  potential  process  hazards 
identified  in  the  hazard  analysis.  Safety  issues  that  were  addressed  as  part  of  this  analysis  are 
potential  hazards  related  to  TNT  exposure  to  temperatures  ^60°F. 

This  analysis  did  not  identify  any  unacceptable  initiation  hazards  for  the  use  of  260°F  water, 
heated  with  steam  at  pressures  >15  psig,  in  the  thermal  panels  of  the  pilot  and  full  scale  controlled 
cooling  process  for  the  M795  projectile.  Under  planned  operating  conditions,  the  maximum  tem¬ 
perature  that  the  TNT  is  anticipated  to  reach  is  200°F.  Safety  concerns  involving  the  process  and 
the  design  of  the  controlled  cooling  process  were  identified  and  recommendations  issued  to  elim¬ 
inate  these  concerns. 


RECOMMENDATIONS 

Recommendations  issued  in  the  analysis  are  summarized  in  table  2.  Implementation  of  the 
recommendations  will  minimize  risk  associated  with  a  given  failure  mode. 
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HAZARD  RISK  ASSESSMBMT  WATRK 
(MIL-STD-a^C.OageA-6) 


I  Freoueney  of  Oeeunrenoa 

Hazard  Calcgoiy 

(1) 

Catastrophic 

0 

Gitdcal 

(3) 

Marginal 

w 

negligible 

(K)  Fnaquent 

1A 

2A 

3A 

4A 

(B)  PfiobabflB 

IB 

iSB 

3& 

Ab 

(C)  Oecasrctnai 

1C 

2C 

ZO 

dc 

IP)  Remote 

ID 

2D 

3D 

4D 

(E]  ImprobabSa 

IE 

2E 

SE 

4E 

HAZARD  SEVERITY  CAIEGORY  DEriNITIONS 
_ (MtL~STp-g82C,pgge11> _ 


Category 

Definitfon 

u 

Gaiastrephfo 

1 

Death,  system  loss,  or  severe  environmental  damage. 

Criffcal 

2 

severe  injury,  severe  occupaGonai  nrneaa,  major  system  or  amrirornnemai  damsge. 

Macginal 

3 

Miner  Mlaiy.  minor  occupatioatBl  Illness,  Of  minor  syslem  or  environmental  damage. 

Negligilble 

4 

Lees  then  miner  injury,  ocoppabcnal  illness,  or  lesstfian  minor  sysfom  or 
environmental  dam^B. 

HAZARD  FREQUEKCVDeFiNmONS 


FVaquenoy 

Delinitfon 

1  Frequent 

A 

tbeiy  to  occur  frequeniiy. 

Probaba^ 

0 

Will  occurseveial  limes  In  the  life  of  an  iteni. 

Ocrasiona] 

c 

Likely  to  oGoiir  somedme  In  Ihe  life  of  an  item. 

Remote 

D 

Unllteiy^  but  possible  to  occurfrilha  lito  Qf 

IraprobsMo 

£ 

Sounliloej^^  It  can  l>e  assvmG<(occunidfftc9ra^  €9qp«3ienoed. 

The  Hnsnt  and  Piequancy  categorioa  defined  ebque  aie  used  by  GES  as  a  tool  la  rank  potenliBl  hazards 
identilied  in  ihs  FM^  bw  Heina,  and  are  assigned  16  al  iacainiTiendBliDins  issued.  ImplernenUtlfen  or 
leoaunmendaiiians  is  ihe  lesponsibflily  ef  Ihe  drsml-  Also,  Ihe  iffieiiit  as  responsible  for  dednlng  Hia  (evel  of 
liak  lafodlides  end  personnel  wfiieh  ifaeciiBniig  willing  «>  eocepi.  GES  will  act  in  an  advisoy  capnciiy  Qniy 
In  maners  concerning  accaptanne  of  risk  and  reoemmendsdon  tUnplcmenCalion. 


Figure  1 

FMEA  frequency  and  risk  category  explanation  sheet 
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1)  NO.; 

2}  OPERATJON/JTEM; 

3)  RECOMMENDATJON& 

4)  POTENTIAL  HAZARD: 

9)  HAZARD  RISK  INDEX: 
e)  REFERENCE  DOCUMENTS: 

7)  (FMBA4IQUNENO.: 

8)  CORRECTTVEACTION 
REFERENCE; 

9)  STATUS: 

J-IMPLeMENTED: 

IP-IN  PROCESS: 

O-OPEN: 

C-CANCELED; 


Aseqaential  racorntnefidaiign  nuralber. 

Opeiafon  or  process  e^iuipment 

Recommendaiions  help  ectiiove  an  acceptable  level  of  risk  and 
enhatiee  safety. 

Consequences  to  the  process  If  Hie  neoorornend'atlfiin  fe 
implemeiriBd  {safery  bene^  or  if  It  is  not  iiYiplamenled  {potential 
hazprifj. 

Hazard  classilicellon  tanking  (rfiferto  Appendix  B) 

Report,  note,  drawing  or  regulation  that  applies  to  me 
neoommendat'orh  (Dereled  ftoni  this  table) 

The  Line  Numberfrom  trie  FMEA  Table. 


Retenence  to  docurnent  that  noEtied  the  cusloiner  of  the 
lecominenclation  (a.g.SAR*). 


RecommendatiM  is  accepted  and  is  incorporated. 
Recomttiandation  is  accepted  but  will  be  implemented  at  a  later 

dateL 


RecoinrnendatDQn  Is  being  ocneidered,  but  rw  decision  has  been 
made. 


Recommendation  will  not  be  iiriptemented  as  stated. 


Figure  2 

Recommendation  table  heading  description 
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1)  LINE  NO.: 


Consists  of  dn  'ItenT  number  and  a  single  letter  idenli^ins  Itie  "Failure 
Cause"  (ft-g.,  1  A,  1B,  2A 

2)  ITEM:  Theltamofooncemintliesoenaiio. 

3J  FAILURE  MODE:  The  potential  pmbienn. 

4)  FAILURE  CAUSE:  Evantev/hlCD  cause  (he  ^ure  mode. 

5)  POTENTIAL  EFFECTS:  PotemSal  effects  Of  the  problem  in  the  system  or  subsystem.  ThePotanlial 

Effects  collumn  lists  the  oonsaquences  oFIhe  Failure  Mode. 

6)  DE$tON  SAFETY:  Itioee  l^utes  of  a  ^slem  tvfiicli  will  prevent  (he  Failure  Mode  liom 

occun^g.  Any  deficiencies  in  Design  Safaiy  wiD  be  Tefiected  in  the 
Recommendafian  column. 

7)  HAZARD  GATE60RY:  Hazard  clsssificalion  ranking  {reter  to  AppertdcC  B). 

8)  RECOMMENDATtQNS;  Recommended  carrective  actions.  Deficiencies  in  the  Design  Safsty  are 

corrected  by  Implemenifng  the  reDommendatiQns  In  the  Rjeoorhmendatnn 
column. 


Figure  3 

FMEA  table  heading  description 
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Table  1 

Failure  modes  and  effects  analysis  of  M795  controlled  cooling  unit  thermal  concerns 
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I  about36fer»&l200»a 
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Table  2 

Recommendations  for  M795  controlled  cooling  process 
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Siatus  OedirTitions 

Op«r>;  Recommendatton  rio^  bean  Implamentad. 

Rfeocffimemlaireni  fiasbean  ifrvlementett  or  a  Ml!bfade/y  mwlutlwi  developed. 
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